Introduction
The genus Thymus (Labiateae), widely distributed in temperate zones, comprises about 350 species worldwide (Demissew, 1993) and one [Thymus serpyllum L. (wild thyme)] grows naturally in Pakistan. It is known as "Ben ajvain" and "Tumuro" in local languages. Wild thyme is commonly used by local people for various functions such as antiseptic, anthelmintic, carminative, expectorant, sedative, and tonic (Karnick, 1994; Porchezhian et al., 2006) . In a study from Turkey, ice produced from wild thyme hydrosol has shown preservative effect against fish storage (Oral et al., 2008) , but still little scientific work determining antimicrobial and antioxidant properties of wild thyme has been reported (Dursun et al., 2003) . There is a need to further evaluate it scientifically to recognize the hidden potential of this plant. The present study, therefore, screened it for various diverse activities by using different bioassays.
Screening programs for biologically active natural products require the right bioassays. They must be simple, inexpensive, rapid, and sensitive enough to detect active principles which are generally present only in small concentrations in crude extracts. Their selectivity should be such that the number of false positives is reasonably small (Hostettmann et al., 1995) . A number of bench-top assays including brine shrimp cytotoxicity assay, antitumor assay potato disc assay, antifungal assay, antibacterial assay, radish seed phytotoxicity assay, and Lemna assay can be used as major prescreening assays in this regard.
Brine shrimp assay is a rapid and inexpensive assay used routinely for detection of cytotoxic effects of any compound Shaheen et al., 2007; Hanif et al., 2007) . A positive correlation between brine shrimp toxicity and KB (human nasopharyngeal carcinoma) has been reported (McLaughlin & Rogers, 1998) . Galsky et al. (1980) demonstrated that inhibition of crown gall (a neoplastic disease of plants induced by specific strain of Gram negative bacterium, Agrobacterium tumefaciens) initiation on potato discs showed the apparent agreement with the compounds and plant extracts known to be active in 3PS (in mouse leukemia) antitumor assay. Coker et al. (2002) 
demonstrated that
Agrobacterium tumefaciens induced potato disc assay was an effective indicator of tumor activity regardless of mechanism of action.
Antimicrobial assay is another rapid technique to discover new compounds that are effective against fungi and bacteria (Ansari et al., 2005; Hanif et al., 2007) . Inhibition of hyphal growth is an end point for an antifungal drug assay, especially during early drug discovery (Brown & Gow, 1999) . For phytotoxic activity studies radish seeds have been used previously for evaluation of plant extracts (Mannan et al., 2007; Inayatullah et al., 2007) . Radish seeds are easily available, and assay does not require special training. Similarly, Lemna bioassay is also used for quick measurement of phytotoxicity of materials.
Materials and methods
Plant material was collected from Upper Mahudand Lake (altitude of 2362 m), Kalam valley, District Swat, Pakistan by one of the authors (Abdul Mannan) and identified by Mir Ajab Khan of the Department of Plant Sciences, Faculty of Biological Sciences, Quaid-i-Azam University, Islamabad, Pakistan. A voucher specimen was deposited in the herbarium (herbarium abbreviation ISL, voucher specimen no. 299). Fresh aerial parts dipped in methanol (HPLC grade) were used for extraction of secondary metabolites. After 4 weeks, methanol was separated, filtered twice, and completely evaporated at room temperature. Residues obtained were used to check different activities of extracted secondary metabolites.
Brine shrimp toxicity assay
The method used for brine shrimp lethality bioassay was as reported by Inayatullah et al. (2007) . For this experiment, extract was used in three methanol dilutions of 1000, 100, and 10 ppm. Each dilution was taken in small vials. After methanol evaporation, residues were resolubilized in sea salt water (sea salt was obtained from Sigma). Ten shrimps were added to each vial and final volume was raised up to 5 mL with sea salt water. The experiment was repeated three times. The vials were maintained under illumination at room temperature of 25°C and survivors were counted after 24 h. The resulting data were analyzed by Probit analysis for the determination of ED 50 value for the extract.
Antitumor assay
The potato disc method was used for antitumor activity of plant extract as reported by Inayatullah et al. (2007) . A 48 h bacterial culture of At 10 strain of Agrobacterium tumefaciens was used in this experiment. An inoculum with three concentrations of test samples (1000, 100, and 10 ppm) was prepared containing bacterial culture and distilled water. Red-skinned potatoes were surface sterilized in 0.1% HgCl 2 solution, washed three times with autoclaved distilled water, and cut into 2 mm thick discs of 8 mm diameter. Autoclaved agar solution (1.5%) was poured into Petri plates and solidified. Ten discs were placed on the agar surface of each Petri plate, and 50 L of inoculum was placed on the surface of each disc. The plates were sealed with parafilm to avoid contamination and moisture loss and were incubated in the dark at 28°C. The experiment was carried out in strict aseptic condition and repeated three times. After 21 days of incubation, discs were stained with Lugol solution (10% KI and 5% I 2 ) and tumors were counted on each disc by using dissecting microscope. Percentage tumor inhibition was determined. Tumor inhibition of 20% was considered significant. EC 50 value was calculated by graph method. Data were statistically analyzed by using ANOVA.
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Antibacterial assay of 1000 ppm methanol extract was also performed against At-10 strain of Agrobacterium tumefaciens to check its activity against this strain.
Antifungal assay
The agar tube dilution method was used for antifungal activity of the plant extract as reported by Hanif et al. (2007) . Below 40% inhibition, low activity; 40-60% inhibition, moderate activity; 60-70% inhibition, good activity; 70% and above, significant activity.
Antibacterial assay
The agar-well diffusion method was used to screen for antibiotic activity (Perez et al., 1990 . These organisms were maintained on nutrient agar medium at 4°C; methanol extract ( 25 mg/mL) as test sample, standard ( 2 mg/mL) of roxithromycin and cefixime-USP as positive control and pure DMSO as negative control were used.
Phytotoxicity assays

Radish seed bioassay
The experiment was conducted according to the standard procedure described by Inayatullah et al. (2007) . Two different parameters, namely percentage of seed germination and root length were observed. For seed germination, 5 mL each concentration of 7.5 and 1 g/L of methanol extracts was used in separate Petri plates having sterilized filter paper. Methanol was evaporated and 5 mL distilled water was added. In this experiment, 100 seeds were surface sterilized with 0.1% HgCl 2 and placed in each plate. Plates were properly sealed with parafilm to avoid contamination and moisture loss and incubated at 25°C in dark. In control 5 mL methanol was used and evaporated. Seed germination was observed on days 1, 3, and 5. For root length, 5 mL each dilution of 10 and 1 g/L of methanol extracts were used in separate Petri plates by using the same methodology as above. Twenty radish seeds were placed in each Petri plate. Root length was measured on days 1, 3, and 5 of incubation. Each experiment was repeated three times and results were statistically analyzed using ANOVA and Duncan's multiple range test.
Lemna bioassay
Standard Lemna bioassay method for inhibitors and promoters of plant growth reported by Rahman et al. (2001) is used in this experiment. Lemna minor L. plants were used in this experiment grown in E-medium (Rahman et al., 2001) , and the experiment was performed in working E-medium (10% E-medium, 90% distilled H 2 O). In this experiment we used methanol extract (0.02 g/L) as a test sample, paraquat (0.02 g/L) as positive control, and methanol as negative control. Three flasks were inoculated by using 10, 100, and 1000 µL of the stock solution of each sample as well as controls. Methanol was evaporated and residue was resolubilized with 40 mL working E-medium. In this way final concentration of each sample in flasks was 10, 100, and 1000 ppm, respectively. Ten plants of Lemna minor, each containing a rosette of two fronds were also placed in every flask. The flasks were placed in a growth chamber for 7 days. Plants were examined daily during the incubation period, and the number of fronds per flask was counted. The percentage inhibition for each concentration was determined by using the following formula:
Percentage of inhibition 100 ns/nc 100 5 2 3
where ns = numbers of fronds in sample and nc = number of fronds in control. Growth inhibition above 70% was considered significant. Data were statistically analyzed by using ANOVA.
Results and discussion
On the basis of previous reports suggesting that methanol is a better solvent than water or chloroform, methanol was selected for preparation of the plant extract. Chandrasekaran and Venkatesalu (2004) proposed that the methanol extract has better activity than that of aqueous extract which may be due to solubility of the different constituents in different solvents. Vlachos et al. (1996) also concluded that methanol was the most effective solvent for the extraction of antibacterial compounds from the selected seaweeds.
Brine shrimp assay
Methanol extract of Thymus serpyllum L. tested against brine shrimp exhibited highly significant (ED < 1000 ppm) effect on prcentage death. The extract showed ED 50 value of 466 ppm. Although this ED 50 value is higher than that of Acer oblongifolium reported by Inayatullah et al. (2007) it is better than another scientific report from Brazil, in which 60 medicinal plant species were evaluated for their cytotoxicity to brine shrimp and only 10% plants showed ED 50 < 1000 ppm (Maria et al., 2000) , while Jacques et al. (2003) screened 226 plant extracts against larvae of brine shrimp and identified several cytotoxic plant species.
Antitumor assay
This test discriminates between active and inactive compounds in predicting their in vivo antitumor activity, but not necessarily in a direct linear fashion (McLaughlin et al., 1993; Ullah et al., 2007) . The effect of different dilutions of methanol extract, incubation period and interaction between different plant extract dilution and incubation period had highly significant impact (P < 0.05) on tumor inhibition. Percentage inhibitions at 1000, 100, and 10 ppm dilution were 82%, 63%, and 40% after 12 days, and 72%, 61%, and 43%, after 21 days of incubation period respectively (Figure 1 ). EC 50 value remained as 28.7 and 261.1 ppm for 12 days and 21 days of incubation, respectively. The inhibition of crown gall tumors on discs of potato had shown an apparent correlation with 3PS antitumor compounds and plant extracts (Ferrigini et al., 1982) . McLaughlin and Rogers (1998) suggested that crown gall tumors on potato discs could routinely be employed as a comparatively rapid, inexpensive, safe, animal-sparing, and statistically reliable prescreen for in vivo antitumor activity. Many scientists have suggested that tumor inhibition values of more than 20% in two or more independent assays may be considered worthy for further investigation (Ferrigini et al., 1982) . McLaughlin and Rogers (1998) used this assay to detect and isolate several dozen novel antitumor compounds from various plant species. Plant extracts that were active during this test were examined for the ability to affect bacterial growth of Agrobacterium tumefaciens by the standard agar-well diffusion method as performed by Perez et al. (1990) . Results showed that the methanol extract of wild thyme had no effect on the viability of the bacterium.
Antimicrobial assay
Antifungal assay
The methanol extract showed an impact on percentage inhibition of test fungi. Moderate activity was seen against Fusarium moniliforme, Alternaria species, Candida albicans, Candida glabarata and Fusarium solani while low activity against Mucor species and Aspergillus flavus (Figure 2 ). No effect on linear growth of Aspergillus niger and Aspergillus fumigatus was observed but spore formation inhibition was detected in these fungi. Our results support a previous report that the essential oil of Thymus serpyllum L. has potential to control fungus on citrus fruits (Plaza et al., 2004) .
Antibacterial assay
Methanol extracts tested against the eight strains of bacteria showed no activity against any of eight strains tested. In a recent study, Nebahat et al. (2008) has described antimicrobial activity of ice produced from wild thyme hydrosol indicating its importance in fish storage. The difference in results could be an environmental effect or the effect of the solvent used for preparation of the extract.
Radish seed bioassay
Radish seeds germination and root length was measured on day 1, 3, and 5 of dark treatment. Different dilutions of the plant extract, incubation period and interaction of different plant extracts with incubation period had a highly significant (P < 0.05) effect on radish seeds germination as well as root length (Figure 3 ). These results showed that the extract had a dose-dependent phytotoxic effect which increased with increase in incubation period. These results are in agreement with a previous study where Dudai et al. (1999) reported that seed germination of several species was strongly inhibited by essential oil from thyme when applied at concentrations of 20 to 80 ppm.
Lemna bioassay for inhibitors and promoters of plant growth
In this assay three dilutions of methanol extract were used and percentage growth inhibition was observed after 7 days that is highly significant (P < 0.05). Mean value of percentage growth inhibition of Lemna minor was 100% in positive control while extract at 10, 100, and 1000 ppm showed 30%, 36%, and 48% growth inhibition respectively (Figure 4 ). These results support the phytotoxic potential of this plant extract as showed by radish seed assay too. Previously, Tworkoski (2002) reported that essential oil from thyme was the most phytotoxic and caused electrolyte leakage resulting in cell death. These data suggest that the plant extract could be used to inhibit the emergence of weeds.
Conclusion
The obtained findings of Thymus serpyllum L. showing significant activity in brine shrimp lethality assay and antitumor assay provide the evidence for a very strong positive correlation between these two assays and prediction of some valuable anticancerous principles of this plant extract. Furthermore, significant activity in phytotoxicity assays suggests that there is a need to purify the active contents of this plant, which can open a new horizon in the field of herbicides.
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